INTRODUCTION
Learning and memory has always been one of the most captivating fields in the life sciences. As in most--if not allmcomplex traits, genes play an important role in the regulation of learning and memory. Already in the 1920s, Tryon (1929) showed that rats could be selectively bred for their Reprint requests to: Y.S. Mineur Whereas Benzer et al. (Tully, 1996) carried out genetic screens in Drosophila, Kandel and colleagues (Mayford & Kandel, 1999) used Aplysia, a marine snail, to identify the neuronal circuitry controlling learning and memory. Using different techniques, in time both studies converged, which resulted, among others, in the discovery of the cAMP response element binding protein (CREB) (Silva et al., 1998) . In both species, this cAMP-responsive transcription factor plays an important role in the conversion of shortterm to long-term memory. An obvious next step was to extend these findings to the more complex learning taking place in the mammalian brain.
Of all mammalian models, the mouse is presently the most popular one in the search for genes underlying complex traits like learning and memory. Three reasons for this development are 1. the rise of molecular biology, 2. the suitability of the mouse embryo to specific genetic manipulations, and 3. the large number of available mouse strains. and the application thereof has revolutionized the genetic dissection of learning and memory.
We start this minireview with a general outline of the neurogenetic analysis of complex traits in mice because the approach and methodology to dissect learning and memory are similar to those applied in the genetic dissection of other complex traits. Subsequently, we discuss two general strategies to identify genes affecting learning and memory: candidate gene studies and whole genome searches. Next, we discuss the more recently developed techniques, including microarrays and RNA interference and briefly pay attention to gene-environment interactions. Last, but certainly not least, we focus on endophenotypes. All sections are illustrated with examples from the learning and memory field.
FROM TRAIT TO GENE AND BACK:
A GENERAL OUTLINE Before boarding the latest flight to genetic wonderland, we should address two important issues. First, what is the exact phenotype that is to be dissected genetically? Like most complex traits, learning and memory can be measured in many ways. This approach is true not only for humans but also for animal species, including mice, for which multiple learning and memory pa radigms exist, varying from complex problem-solving tasks to simple learning tasks (for an enumeration see, for instance, Crusio, 1999) . The choice of test is, therefore, crucial because the genetic analysis of one learning and memory task will lead to the identification of a different set of underlying genes than the dissection of another task. It is, for instance, very well possible that a gene explaining variation in Morris water-maze learning will not explain variation in radial-maze performance. On the other hand, there will also be genes that affect both types of learning. Clearly, the optimal strategy would be to refine the trait under study by using a combination of multiple measures of the trait that best capture a common underlying genetic factor.
An example of such an approach is the ongoing search for the genes influencing the infamous g factor. This factor refers to the substantial overlap that exists between individual differences in diverse cognitive processes in humans, although its existence in mice is more controversial (Galsworthy et al., 2002; Loctirto et al., 2003) . Importantly (see below), the g f actor appears to be substantially heritable (for more information about the g factor, see Galsworthy et al., 2002; Plomin, 1999 Plomin, , 2001 Plomin & Craig, 2001; Plomin & Spinath, 2002; Williams et al., 2002 ).
An important caveat in the study of learning and memory is that such processes cannot be measured directly but rather are inferred from performance variables. This approach can sometimes lead to interpretational difficulties. For instance, in the water-maze navigation task, motor coordination deficits (or differences) could increase the escape latency of the tested subjects, a measure that is often used as an index of memory performance. Likewise, stress and anxiety levels can also shape the results of learning tasks (an anxious animal would freeze for instance) but need not actually involve learning capabilities per se. In fact, a detailed analysis of mouse behavior in the Morris maze reveals that differences in spatial learning abilities explain only about 15% of the total behavioral variation observed . Another problem that can be encountered in tasks depending on visual abilities (such as the water navigation or radial maze tasks) is that blind animals can perform poorly because they are unable to orient themselves. Nevertheless, blind animals sometimes do not perform significantly worse than normal subjects (Lindner et al., 1997) . In addition, the tests can be designed in such a way that they tax the visual system as little as possible, for instance by placing distinctive visual cues close to the maze (Crusio, 1999a Green, 1966; Staats, 1985) . Within an inbred strain, nearly all trait variability will be caused by the environment, whereas differences among strains will be virtually genetic in origin (apart from maternal influences; see for example, van Abeelen, 1980) . Thus, when in a controlled testing environment multiple strains are compared for a specific behavior, the extent to which amongstrain differences exceed the pooled within-strain variability provides a test of the existence of genetic influence. A good illustration of the variation present in inbred strains is provided by radial-maze learning in mice. This is a task that mice will learn readily, as fast as or even faster than most rat strains (Whishaw & Tomie, 1996) .
As shown in Fig. 1 Plomin, 1999 Plomin, , 2001 Plomin & Spinath, 2002 (Kruglyak, 1999 (Schena, 2003) and is therefore, to a certain extent, a combination of a candidate gene approach and a whole genome search. High-density microarrays are also called DNA chips, and the latest mouse versions consist of more than 12,000 genes or expressed sequence tags www.affymetrix.com (ESTs), which are represented by probes (cDNAs or oligonucleotides) immobilized on a solid substrate.
In general, the experimental sample (transcriptome) is prepared by extracting RNA from the tissue sample---for example, from the hippocampus of several inbred mouse strains known to differ in various learning and memory paradigms. The RNA is then reverse transcribed and labeled with fluorescent tags. The labeled target is then hybridized to the array, and the detected fluorescent signal correlates with the expression level of the genes of interest in the experimental sample. Hence, each sample has its own expression profile.
This 'signature' can be used as a detailed molecular phenotypewwhich, for instance, can be correlated with more classic phenotypes, including behavioral scoresmto nominate candidate genes for complex traits. For instance, Femandes et al. (2004) correlated the baseline hippocampal geneexpression profiles of eight inbred strains with the aggression scores of these strains and identified two candidate genes for this complex trait. A similar expression-correlation approach but using learning and memory scores instead of aggression measures is likely to yield candidate genes that determine individual differences in learning and memory.
Other microarray procedures are also possible. Thus, two samples can be labeled with different fluorescent nucleotides, after which they are simultaneously co-hybridized to the same array. Genes expressed at equal levels in both samples contain a mixture of both fluorescent nucleotides hybridized, whereas genes expressed at different levels between both samples display predominant hybridization of one or both fluorescent nucleotides. For more information on microarrays, the technological and statistical concerns, the advantages and disadvantages, see, among others, Feldker et al. (2003) , Steinmetz 
GENE-ENVIRONMENT INTERACTIONS
In the previous sections, we have shown that individual differences in behavior can be explained by genotypic variation. Obviously, this explanation is only partly true; differences in the environment also play an important role. This section focuses on the borderland of both sources of variation: gene-environment interactions.
Generally, the term gene-environment interaction refers to the phenomenon that the behavioral expression of the genotype depends on its environment. The study of gene-environment interactions is becoming more and more prominent in the analyses of complex traits (Barr et al., 2003; Caspi et al., 2002 Caspi et al., , 2003 Caspi et al., , 2004 Murphy et al., 2003; Sluyter et al., 2002; Tsuang, 2000; Tully et al., 2004a, b The hippocampus is a good place to look for a candidate endophenotype meeting these stringent criteria because many lesion studies have shown this brain structure to be involved in learning and memory. Apparently, the variation in the size of one particular hippocampal structure, the intraand infra-pyramidal mossy fiber (IIPMF) terminal fields, correlates positively with performance in a radial maze (Crusio & Schwegler, 1991; Crusio et al., 1993; Crusio et al., 1987; Jamot et al., 1994; Schwegler et al., 1990 Moreover, this correlation appears to be genetic because the significant correlation between inbredstrain means (see Fig. 2 
